al., 2012). In order to gain more information on the taxonomic position, the sequences based on concatenated sequences from the 16S rRNA gene and five housekeeping genes and the biochemical properties of the strain C1112 T were analyzed. Comparative analysis revealed that the isolate was distinct from the closest phylogenetic relative: Providencia stuartii. A strain was further characterized based on the results of a polyphasic taxonomic study. It can be concluded that the strain represents a novel specie of the genus Providencia.
Materials and Methods
Isolation. The strain C1112 T was isolated from seafood processing wastewater . Briefly, the strain C1112 T was isolated by means of the usual dilution plating technique from seafood processing wastewater, collected from a treatment pond of a seafood factory in Songkhla Province, Thailand. The sample was plated on nutrient agar (NA) plates and incubated at 37 C for 1 day. A pure culture was obtained by repeated transfers of separate colonies on NA plates.
Morphology, physiology and biochemical characteristics. The colony morphology of the strain C1112 T was determined by examining cells grown on NA for 2 days at 37 C. The cell size and morphology were determined using scanning electron microscopy of cells grown in NB for 2 days at 37 C with shaking at 150 rpm. The Gram reaction was determined by the method of Hucker and Conn (1928) . Flagella were examined of cells grown in NB for 1 day at 30 C without shaking by using the staining method described by Forbes (1981) . Growth on MacConkey agar and on bile salt medium was tested. Tests for catalase, oxidase, the hydrolysis of casein, gelatin, starch, Tween 80 and tyrosine, the methyl red/Voges-Proskauer (MR-VP) reaction, tryptophan deaminase activity and utilization of citrate were performed. Hydrogen sulphide production, indole production and cell motility were examined using sulphide-indole-motility (SIM) medium (Barrow and Feltham, 1993) . Growth in various salt concentrations (0 15% NaCl), at different pH values (3 13) and at various temperatures (4 50 C) was tested in NB. All tests were carried out by incubating the cultures at 37 C, except for the investigation into the effect of temperature upon growth. Additional tests were performed by using API 20E and 50CH strips (bioMérieux) according to the manufacturer s instruction.
Preparation of DNA, 16S rRNA gene sequencing, partial sequences of five housekeeping genes and phylogenetic analysis. DNA was extracted and purified from whole cells by the phenol method (Saito and Miura, 1963) . 16S rRNA gene sequencing was carried out (Shida et al., 1996) by using the 27F and 1488R rRNA primers (Ruiz-Garcia, 2005) . The five housekeeping genes were amplified using a set of primer as described by Juneja and Lazzaro (2009) . The PCR products of the 16S rRNA gene and five housekeeping genes were purified and sequenced with ABI 3730XL by using BigDye v3.1 (Applied Biosystems, Foster, CA) according to the manufacturer s instruction. The 16S rRNA gene sequence (978 nt) and five housekeeping genes (fusA, 616 nt; lepA, 735 nt; leuS 412 nt; gyrB, 814 nt; ileS 917 nt) were deposited in the GenBank databases under the accession numbers KC447298, KC447299, KC447300, KC447301, KC447302, and KC447303, respectively. The six genes were concatenated and aligned along with the selected sequences obtained from the GenBank/EMBL/DDBJ databases by using the program CLUSTAL_X (version 1.81) (Thompson et al., 1997) . Gaps and ambiguous bases were eliminated from the calculations and the distance matrices for the aligned sequences were calculated by the two-parameter method (Kimura, 1980) . A phylogenetic tree was constructed by the neighbor-joining method (Saitou and Nei, 1987) with the program MEGA (version 5.1) (Tamura et al., 2011) . The confidence values of individual branches in the phylogenetic tree were determined by using bootstrap analysis (Felsenstien, 1985) based on 1,000 samplings.
DNA-DNA hybridization and DNA base composition. Levels of DNA-DNA relatedness were determined by the method of Ezaki et al. (1989) using photobiotin and microdilution plates. The DNA G+C content was determined by the method of Tamaoka and Komagata (1984) with the modification that DNA was hydrolyzed and the resultant nucleotides were analyzed by reversed-phase HPLC.
Chemotaxonomy. The analysis of cellular fatty acids from cells grown in NB for 1 day at 37 C was determined by fatty acid methyl ester analysis according to the standard protocol of the Microbial Identification System (MIDI) (Sasser, 1990) 
Results and Discussion

Morphology, physiology and biochemical characteristics
The strain C1112 T was Gram-negative, non-sporeforming, rod shaped, and motile with peritrichous flagella (Fig. 1) . It was positive for catalase and oxidase, fermented esculin and utilized citrate. The strain C1112 T could be differentiated from the closest phylogenetic relative, Providencia stuartii KCTC 2568 T , by means of verious phenotypic characteristics (Table 1) . Consistent with the description of other Providencia species, the strain C1112 T developed a characteristic smell on agar containing amino acids (Polster and Svobodova, 1964; Somvanshi et al., 2006 respectively. The phylogenetic tree based on the concatenated 16S rRNA gene and five housekeeping genes was similar to the phylogenetic tree given by Juneja and Lazzaro (2009) .
DNA-DNA hybridization and DNA base composition
The DNA-DNA hybridization study revealed that the strain C1112 T showed DNA-DNA similarities of 100, 48.1, 42.3, 22.6, 38.7, 39.1, 36.6, 19 (Brenner et al., 1978; Hickman-Brenner et al., 1983; Juneja and Lazzaro, 2009; Muller et al., 1986; Somvanshi et al., 2006) . In addition, the results from the DNA-DNA hybridizations fall well below the 70% reassociation threshold recommendation of Wayne et al. (1987) for designation of a novel species.
The G+C content of the strain C1112 T was 41 mol%, a value within the range of (39.6 43.0 mol%) for the genus Providencia (Owen et al., 1987) .
Chemotaxonomy
The strain C1112 T exhibited a fatty acid pattern characterized by a high level of C 16:0 (27.26%) , iso-C 15 (14.62%) , C 14:0 (13.14%), and C 17:0 cyclo (11.97%). Additional fatty acids including C 12:0 (0.89%), iso-C 13:0 (2.81%), iso-C 14:0 (1.62%) , iso-C 16:0 (2.78%), iso-C 17:0 (3.05%), anteiso-C 15:0 (1.88%) , anteiso-C 17:0 (0.88%) , iso-C 17:1 ω5c (0.53%) and C 19:0 cycloω8c (2.99%) were also detected.
On the basis of the above phylogenetic results, physiological and biochemical data, cellular fatty acid composition and G+C content, the strain C1112 T should be placed in the genus Providencia as a novel species, for which the name Providencia thailandensis sp. nov. is proposed.
Description of Providencia thailandensis sp. nov.
Providencia thailandensis (thai.lan.den sis. N.L. masc. adj. thailandensis pertaining to Thailand, where the type strain was isolated). Colonies are creamy white, moist, opaque, and flattened with an undulate margin 12 19 mm in diameter after 2 days incubation at 37 C on nutrient agar. Cells are Gram-negative, non-sporeforming, rod-shaped and motile with peritrichous flagella as shown in Fig. 1 . Cells are 0.58 0.60 by 1.40 1.42 µm and occur singly or in pairs. The bacterium does not grow on MacConkey agar and on bile salt agar. The strain is oxidase and catalase positive. The strain gives positive in methyl-red reaction, VogesProskauer, hydrolysis of starch, gelatin and casein, ONPG, citrate utilization, arginine dehydrolase and ornithine decarboxylation. The strain is negative for hydrolysis of tyrosine and Tween 80, indole, the production of H 2 S, urease and lysine decarboxylation. Growth occurs at 15 C and 45 C; optimal growth temperature is 30 37 C. Growth occurs between pH 4.0 12.5 and optimal pH is 6.0 7.0. Growth occurs in the presence of 0 5% (w/v) NaCl and optimally with 0% NaCl. Tryptophan deaminase is produced. Acid is produced from glycerol 
